We investigated the relationship of gastric mucosa-associated lymphoid tissue (MALT) lymphoma tumorigenesis to Helicobacter pylori infection, the t (11 ; 18) translocation, and alterations in cell cycle regulators. We sought to assess the implications of altered expression of p27 Kip1 , a cyclin-dependent kinase inhibitor, on high-grade transformation and responsiveness to eradication therapy. We used immunohistochemistry to examine p27
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INTRODUCTION
Gastric mucosa-associated lymphoid tissue (MALT) lymphomas are a low grade B cell lymphoma with a unique character ; most of these tumors regress with the eradication of Helicobacter pylori, despite being "neoplastic". Gastric lymphomas are composed of MALT lymphomas and diffuse large B-cell lymphomas (DLBCLs). A subset of the latter neoplasms exhibit a MALT lymphoma component, thought to be a high-grade transformation of the initial tumor. This transformation is related to the overexpression of bcl-6 and p53 1 . Sakugawa et al. reported the correlation of histological evaluation and PCR-based clonality in their analysis of gastric MALT lymphomas 2 . A number of studies have described the association of gastric MALT lymphoma tumorigenesis with cell cycle and genetic abnormalities [3] [4] [5] . In this report, we attempted to clarify the relationship between cell cycle-related molecules, by measuring Ki-67 index and p27
Kip1 expression, and highgrade transformation. p27
Kip1 is a cyclin-dependent kinase inhibitor (CDKI) of the KIP family, inhibiting S phase entry into the cell cycle by binding to cyclin E/CDK2 and cyclin D/CDK4. Tumor aggressiveness may be attributable to decreased p27 Kip1 expression ; decreased levels of p27 Kip1 were associated with aggressive tumor biology and poor prognosis for a variety of malignancies 6 . p27 Kip1 is expressed at lower levels in high-grade B cell lymphomas, such as DLBCL, mantle cell lymphoma, and Burkitt's lymphoma, than in low-grade B cell lymphomas, including chronic B cell lymphoma, follicular lymphoma, and marginal zone B cell lymphoma 3, 7, 8, 10 . In contrast, a number of studies have reported that high levels of p27
Kip1 expression are detectable on DLBCL that exhibit high rates of cell proliferation 4 . Therefore, the relationship between p27
Kip1 expression and high-grade transformation has not been determined ; in addition, little is known of p27 Kip1 expression in gastric MALT lymphomas and DLBCLs.
A number of MALT lymphomas are associated with the t (11 ; 18) (q21 ; q21) translocation ; gastric tumors with this abnormality are resistant to eradication therapy. We attemp-ted to examine the influence of p27
Kip1 expression on highgrade transformation and responsiveness to eradicatioin therapy.
MATERIALS AND METHODS

Examined cases
We examined 23 cases of gastric MALT lymphoma from the surgical pathological files of the Department of Pathology, Graduate School of Medicine, Dentistry, and Pharmaceutical Sciences, Okayama University. Informed consent was obtained from all patients.
Specimens obtained from biopsy were processed routinely by fixation in 10% formaldehyde and embedding in paraffin. These specimens were diagnosed histopathologically according to previously described criteria 1, 9 and the WHO classification scheme 11 . These gastric MALT lymphomas did not contain a large cell component. DLBCL with MALT lymphoma is characterized by the sheet-like appearance of medium-size neoplastic cells with a nuclear size greater than twice the size of a normal lymphocyte. H. pylori was detected in biopsy specimens lacking the t ( 11 ; 18) ( q21 ; q21) translocation by H&E and Giemsa stainings. All patients were treated with combined antibiotic therapy. Of these 23 cases, complete remission was achieved in four cases ; the remaining 19 cases were resistant to eradication therapy (Table 2 ). In patients with eradication-resistant tumors, t (11 ; 18) (q21 ; q21) was detected in four cases. These patients ranged in age from 46 to 82 years, with a mean of 63.1 years. The male to female ratio was 12 : 11. The difference in patient age between these two groups was statistically significant (Table 1, p<0.05). We reviewed the clinical data and histology of 23 such cases and examined samples from these cases for t (11 ; 18) (q21 ; q21) and the patterns of p27 Kip1 , p53, and MIB-1 expression. We also examined five cases of gastric DLBCL lacking a MALT component and four cases of DLBCL with MALT lymphoma. Lymph nodes exhibiting reactive hyperplasia were used as positive controls of p27
Kip1 expression. Detection of t (11 ; 18) (q21 ; q21) was performed by reverse transcriptase-polymerase chain reaction (RT-PCR) as described previously 12 .
Immunohistological examination
Immunohistological examination utilized a panel of monoclonal antibodies specific for p27
Kip1 (SX53G8 ; DAKO ; dilution 1 : 100), wild-type/mutant p53 (clone DO-7 ; DAKO ; dilution 1 : 50), and the Ki-67 nuclear proliferation antigen (clone MIB-1 ; DAKO ; dilution 1 : 25).
Immunohistochemical staining was performed using an automated immunostainer (Ventana Medical Systems, Tucson, AZ), according to the manufacturer's protocol. p27 Kip1 was expressed in nuclei. Endothelial cells, stromal cells, and small lymphocytes were internal positive controls for p27
Kip1 expression. Substitution of non-immune mouse serum for the primary antibody served as a negative control. Reactive lymph node tissue sections were stained as material controls. p27 Kip1 , p53, and Ki-67 expression patterns were also detected in epithelial cells of the gastric glands. We used epithelial cells of gastric glands as internal positive controls for p53 and Ki-67 staining. p53 expression was regarded as positive when the staining intensity was stronger than that of the epithelial cells of gastric glands.
Statistical analysis
Chi-square test was used to assess the correlations of clinical data.
The correlation between p27 Kip1 and p53 or Ki-67 expression and p27 Kip1 , p53, and Ki-67 expression and malignancy were analyzed by Fisher's exact test. Results were considered to be statically significant when p<0.05. SPSS software for Windows, Release 11.5, was used for statistical analysis.
RESULTS
Immunohistology of p27
Kip1 , p53 and MIB-1 expressions is demonstrated in Figure 1 -3. p27 Kip1 nuclear expression was also detected in non-neoplastic small lymphocytes and plasma cells and the epithelial cells of gastric glands. The intensity Kip1 expression was detected in the nuclei of all MALT lymphoma cases lacking a large-cell component, regardless of their sensitivity to eradication therapy.
In lymph nodes with reactive hyperplasia, p27
Kip1 was detected in a subset of germinal center lymphocytes, the quiescent small lymphocytes of the follicular mantle zone, and interfollicular lymphocytes. The small cleaved germinal center cells exhibited strong coloration, while proliferating large centroblasts were negative for p27 (a) (a)
p53 overexpression was not detected in any of the MALT lymphomas examined. Ki-67 stained fewer than 10% positive in all MALT lymphomas cases, except for two cases that were resistant to eradication. These cases of MALT lymphomas (case No. 10 and 17) displayed a scattering of intermingled large cells, 10 to 20% of which were positive for Ki-67. t (11 ; 18) (q21 ; q21) and efficacy of eradication therapy did not correlate with p53 or Ki-67 expressions ( Table 2) .
All DLBCLs lacking a MALT lymphoma component were negative for p27 Kip1 and positive for p53. The Ki-67 indices in these cases were greater than 50%. In DLBCLs with MALT lymphoma, p27
Kip1 expression was negative in both the MALT and large cell components. In all cases, the MALT components were negative for p53 and Ki-67 (less than 10%), while the large cell components were positive for both (more than 30%).
DISCUSSION
Gastric MALT lymphomas with the t (11 ; 18) (q21 ; q21) translocation are highly resistant to eradication therapy. A second class of eradication-resistant tumors lacking t (11 ; 18) (q21 ; q21), however, has not yet been well characterized. Thus, we attempted to examine the expression of p27
Kip1 and p53 and Ki-67 in MALT lymphomas with regard to the sensitivity of these tumors to eradication. Next, we compared this expression pattern with that seen in DLBCLs. As both p27 Kip1 and t (11 ; 18) (q21 ; q21) may be associated with the regulation of apoptosis, we examined p27
Kip1 throughout the pathogenesis of gastric MALT lymphomas. p27 Kip1 expression was detected in all 23 cases of MALT lymphoma examined, regardless of their sensitivity to eradication (Table 1) . Neither the expression levels of p53 nor Ki-67 were related to the efficacy of therapy. These findings suggested that resistance to eradication is not related to these factors.
According to our data, MALT lymphomas that are negative for p27
Kip1 expression may transform into DLBCL. We do not know why there were no such cases in our series ; these legions would have been in complete remission following appropriate therapy. In addition, no high-grade tumors were found in this sample population.
The expression patterns of p27 Kip1 , p53, and Ki-67 in DLBCLs lacking a MALT lymphoma component were quite different from those seen in MALT lymphomas, correlating with the results of previous reports 3, 10 . This study demonstrated that p27
Kip1 expression in gastric MALT lymphomas and DLBCLs correlated with the grade of the lymphoma, irrespective of the stage 13 . While p27 Kip1 was not detectable in either the large cell or MALT components of DLBCLs with MALT lymphoma, p27
Kip1 expression in the MALT component was not linked to p53 and Ki-67 expression. Although it is difficult to determine a clear relationship from these findings due to the small number of cases examined, the decreased expression of p27
Kip1 by MALT components may be related to high-grade transformation. p27
Kip1 is detected on mantle cell lymphomas 7, 8, 10 , which usually exhibit low proliferative activity despite a rather aggressive clinical course. This result indicates that p27
Kip1 expression is not always associated with proliferation activity, as in our MALT lymphoma with a large cell component. Although the molecular mechanism by which p27
Kip1 functions in tumorigenesis have not yet been clarified, the p27
Kip1 expression pattern in morphological MALT lymphomas may be a useful predictor of high-grade transformation to DLBCL.
